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aaetssa s^=^qjs ?uie ma ai □ xii^g^aoii saoia. - • - ' 

nau. e^Esi ^xisi giaj£?f sp^s^o^ asi a3|:7^ a^^gn sisijj ^ssHsoyiDet ois» ag &m 
am m^m jis9.^& asisiste oiai d\j\ smss saa. wm se. us ssiwiai 

9 S¥0ls2| eSOIU. aa-'sg D}OQaOld!(electro-inloratlon) SEfe a^(hniock) S0|| 2|8H g 
^ UII6!M^^2| e<H{open) Ife Sfl (short)' jlf aS SXHSMOI 3aoiD. 

meiAi. aeoyfe diflsoi aaiMs oFoineiioia ^as 3H4js Sisoi xhj3&s 

a^OHfe SHIBKunder layer) OUaCH, (^4: SSS SS^Slfe S^^ a2a|2} e^SSK)! ?£|3f i*S 

gn HHflaf aaafs :?aste a»S£i ^safdhss eisH ±Ji ^aoi x^8^gfe msi sm 

301 ^^EQ. om 'StJi^iDi ^mM^ ?ei mail^ ma Sao^ AfOIOII S^S^Cbamer metal )StS 

eiH s^s^efss Ahsgfe asaie! e^os^ eie^^ aaa,HTiN)§ i^* Sicf. oi eiej^ aasig 

S^S^?|4^SSKCVD)B0IU :f:lH 9 (Sputter) B§ OlSShOI aaaOj. ^ SaS AJOIOBA) SBSSI ^& 

□eiQi. hh6!j» s^^ aasf Ahoioii eib^ a»afg issffe asa tjj2j as &^3^q} 
2.s.k\ ^» ^, qi£i mMn s^^ aaat A^olo^lA^ swssi 4fs%6hoiu asfef§s ajms 4. 
^ 8P1 ?i8HAife. 2icH£E 30nin 01^21 Eja^ aaa|g aa8^o^o^ sa. oi«a aa^ aaa{ 

§ 30nin OI^SI ^3H|S SSSfTil 33. ^JIIOII dlBtlSK)! EJ&fe aSfafS) XiSatOI S^^S:Q 0|Se!«SH 
UHti 2X1121 XiSKOI ^0\7i XHilEISS 9JXIfc UHtiSI a:)|l SQ. 

olst as mmss sHssf^i ?i8h srs ^^s^ato^Aisi ^srs ar 4^ 21204 ui^aoi ^ 
s 3a«s asua e&s aassi sisoi naigii 21a. naoi, seHsi s^s^st flisg^ass a 
eta ri:inaas oiswe ess aast§ as ^ws sssffeBioii S3lp^ aia. s«8i. aas!;^^ 
wiacH o^>laJebp^ ^ smm mi ess aaajs a^ii aaste g^oiife, e&s as 

SfOI gSfgJI a?1U U¥ as ^ms. gSfat S B»ES«(step coveraae)OI ggf8K)l S*^35^b| 

£s;h2| ^8f§ » 4* a^iig ^a?f ao. coa/H, e»Ea«oi as& s^s aaa asv:7i^s*f 
a 01 AisEgu 210U, 4s2>is Ahsa s^^ie^siss afeoi oiBigoi aa. 



m^Ai, s wgoi oi^njf sfe :)|62| aib szf aaataj q^ai bH<y A^o|ollA^ a^^g^ s»§2i 



^I)! l&Mm SaSPI 9|SK)1 S WSOil 2|& 3^ UHtiS. SWS a|Bf gSKAtomlc Layer 
Oepositlon)a§ 0|§S(04 a^a a^S4(Barrler Metal)Bt3 ?d|8^01, Stq^^SfS eiTS a 

ag(TaN)£ a«aa. 

§^3^at 8^¥ollfe. 3 uj^oii a:?! BfEfli Pieji} a^gfe ;H?¥?f aagn. □ ^asoi 
4.1 ols^e! aasas a«a %a aaa,^oi aas 4' aa. nam, sa^s^et 4f¥oiite. 
7H?¥S ssH a:?! e}£x^i omnsi a^isi2£ aag:Q. ?£i9 s^s^^ sass aaa bu^oi 
aai 4^ 

as Jif^^is aaepi ?i8>oi s ttsoii sis uh^ ;^i£s^as eifs asfS(TaN)£a 
e^sim ]3i£8^b i^BS sa&a. nam. a:?! (a) ^sia ism utoii e 

%tm ^:>i 3^ s(ihss ?a8^oj ^zn oms^ a saoii e^srs ^pi e^ss & sixfs s^t 
Ai5iii. (b) atH uioii inxi(purge) -JMi^ ?a8^o^ a^i :jiboii s*fa ess s&g 
s xiisieh 2fs>>£i ess 3^ s^asss aitis a§. (c) a^i aui uioii a^^s a^mb 

?a8f:2. oie a^ra a^i ess f?:?! s^s & ansii^ s(s» e^sAi?^. & sx^ssi eas 
as^sts aascn. (d) am uioii sixi :7h>^s ?a8foi a:?! e^ss ^i?! asf eh§a 
ari^a^ e>§ss fli£ie> ^fgsi e^ssi^. a:?! e^s ? s^^a aoi saas m^m 

fli^aa. 

a:?! (a) uixi (d) e^iiMS 4>~4>4i9 &s«sjo£ ^91 4. 21201. □ a:itt a?! ess aasrs 

?jVD oils set, 20nB 0|8f£l ^])0S aSS 4> 2ia. □Bin. a:?! (a) UiXI (d) S3DSS 300t: 
~700TC SE8fOIIAI 4'a8lte 3!0I HfBS|8fa. 

e mSOil °I8IS. aaaKTaN)2£a g^S^a^S 20nin 0IW2I ^MS. a?« aaa 4- S12H 

s., ?£! uHasi fluaata gs8i sxia 4^ 2ja. 

a. 3£iu e s^as oisfoiiAi ^HAjg^ tiAionoo ssg^ 2!oi o^libi ais as agr& aois ?e 
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aasi aasjpii gfai?:?! ash si^afe 201Q. oimoiiAi ;HAigfe ^iaiohoiiai oii= & qioi 

a| SEfe 3ie*|0|| SJHSffc JISS DSS Ol. as av SEb 3ie dtS flOil 2iS Silil, SZf 

exi, g g^ssi Hf&sie ^Aioiioii ajse. e^sai riixtsj s^s^sjog/ji gtgg laats ois» 

01. 401 e^M SastS g»§ 9*0^ giSK Atomic Layer DeposItion)i|oS SSSQ. 

£ IS S ^SOII &&M aasjogg §^=^Bfg :?bie e^UHtJSl ^ 0115 eOj^fe BBS 
SAI, aO^<y (damascene) g^<i{OI| 2|oH SSS ?£l UHfilS) 0||£J1H PI^SD. £ 1011 2101 Ai S5 

¥s "lo's &£fli 3ies. "2o"s aasts. 'so's ess aasfog §bj=^qis, 

£ im s^s^a, Jm(^o), cuma usiB ^lesi sj fisoii szf aaa^(2o)oi sagoi si 
o. #31 S2f asaK2o)g n m^oii, #:)i ev£ai :>ie(io)2i a sag ^s^j^M kSAi^ife 
¥{h)s ^disD. #31 sz^ ae3Ei(20)si se ^si, #31 3H?¥(h)°i LH^oiife ¥1 oiiacii. 

20nin 0|»S| ^SilS 3fXlte &e»g^B^{30) OliaCH. BBS Smo\ 8^301 KD. 3£ia, Sfaj 
S^^(30) #Oilb Vm(AO) OtlStCH. ?EI HHtiOl 9^S0| SiD. 

#31 *ZI a0St(2O)S tlH<y 2i0|| 4= Sife 3Sit:-Sa(cross-talk)S gUie 4^ 2l£^ 

aaBr(20)8, sro..siOF. hsq. o«s^ i?3i soo. fsg m ti^s oi<= sfus s^sd. 

S^S^et(30)S 8!ga b>a aOI 20nm 0181, CH^ W&5J8P|S'b 2f lOnm §£°J 3HI 
£^ S!»S sfsf gsfaog g^g 2oia. □eiH, #3| S^S^aK30)0| B&g aaa|(TaN)2S 
3?. 39#aB 49»b ei!>^(X)ti SSOIIAI #31 389 B9af(TaN)S (110) g^SSI SSS 

g 3mP. 

#31 ?£| UH(::!(40)S 3N'P¥(h)S| OH&ljlf UHdSOl SAIdl €#£lb C1Q1<:i! (Damascene) S§2 
£ SOI UfS^siSIO. 

£ 2a LHII £ 2db £ 1011 £AIS #^S^9} J||5gfa°l il Oj|B ^g»3| ¥|8H EAIS EBSSAI. 

£ 2aS SSSIB, Elfl, SSd SSI Smoil e?£fll 3|B(10), OliaCH ^dlS 3|B§ ¥gj& Dg. 
^gJ9 #31 Bf£»l 3|e(10)2| S£# 30O'C-7O0'C°J S£S Sfl&a. 0I3IA1. #31 eJ£fl| 
3ie(10)S □ ^ SaOII Maxl^iEia as 3Ha:i;XKdlcrete d9vice)31 S#a2 3 9I01I £ 1011 EAI 
a as ^2} iast(20)0| SSe 3i&0|31U #31 S2} aaB[(20) O^EIHOil as 3^ UHti 
01 oiej S#@ 3ie^ 4^ 2iQ. 

oloiAi, Bf£fli 3ie(io)oi ¥gia Sbioii mi ^ag oiiacii. mms S3i 3^ a©M(A)s 

4^31:fi(B) OUaCH, a4:(N2) 3^:^£^ SJIl ^818101 #31 ei£X|| 31B{10)3t ^BMilQ. 0\J\M. #3| 
BSfS S3i 3^ aSS(A)Sfe. Ta(0CH3)5, Ta(0(yiB)s, Ta(0C3H7)5. Ta(0CH(CH3)2l5. Ta(0C4H9)5. 
Ta(0CHzCH(CH3)2]5, Ta(0CH(CH3)(y^Js, iS Ta[X(CH3)3]6 S fiSia 01i=. SIUB AfSote SOI tim^Q\ 

a. 

£ 2bS SSSfB. ?gJS #31 BSg S3| a&S(A)S #31 ef£fl| 313(10) j» BfSSHl. #3| 

B^£^^l 3ie(io)°i sj seoiib Bgs S3i e^s & s!»soi s*iaa. 

3tl^SHAl, #31 aw moil fflXI(purge) D\MC) 011301. ai:i(Nj) 31rt:B ?gj»0| #31 &£ai 

3i&(io)oii a*fa #31 B&s S3i 3^ smmwm m3i& jiiijsi b^m s3i asg(A)gm 

fl|31&a. #31 IHXI 31>:(C)0II 2I8H, BBS ^3| S a»SS ^^Slfe BBS ^3| 3^ 

ItirS(A)S XIISIB BBS ^31 SfBSSI 5fl Saitt #3| B£»l 3|B(10) 9I0II ? S 0|#o£ 
SIHSlte gaeoi III31SD. 

£ 2c9 Sl^SlB. BBS f^3| B 3XIS0I §#@ #EH011A{ #3| Sbl L||£ B€ Sa Ollgj 

cH. a:&s B4?8(b e.^ss(D)s ?a8^:a. ois ss^e #3i bbs f^3i & snsia bsai 

0I3IAI. #31 3:^8 S^^B B§S(0)£b g^SUOHlAia) Si 8|£S}Q(N2H)jlf ^S 31:^^31 Algfl 4 
S^a. □EI3, S!!»i#EHU 31»l#Qt£l| BSBS AfS»b 390flb £ 2c011 £Aie b^SaOI. 
'^$3^^(B) OlISiQI, MMtii) 3(^S^ »n 9SJBD. 

£ 2dS g^^SlB. #31 M± Bft BSS(0)e, e^£XII 3|B(10) #011 €#S #31 BBS ^3| 

B BXt§3( as,^ BS8101 B SnSSl BBS a»°t(TaN)S 9^BQ. S ^AlOltOll IDS BB 
S a9Bt(TaN) 9#S 9IB S^e^BSS 08SI Sl^M m ita. 



1 

Ta(0R)5+NH3- TaN + n(OR)Hin 

□din, #31 BBS aaat(TaN) ¥6[SS1 n(OR)HiDS aH3|?S goH UH318a. 013IA1, 

#31 BBS a9B|(TaN)a. S3#51B «(S81b aaoilAi (110) g^SFSj 33#S 3fn£«l 
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3ii^8H><H. e a»ss) eifs aaeKTaN)oi saa ^^^i sim moii mx\ JiMcm qm ^acfoi 4f 
oi^oii. ^Pie b^a sjs a»s e^isj &as aaa^TaN) ^. 3^ 

a4;g^ ygg(D)g ?2J8K)1 SBS ^31 §Hfg(A)j!f e}§A|3|fe SI3 B?)| g QAI Dili 

3j:i;(c)B ^asfe III4 Bynms 4--4'6ja b[s*5!os 4»a8K)j. ^di eifs aasi(TaN)oi asjfe 

4fjia aoi s a^soii sish a«a &mm aaaKTaN)s ^jhpj aioiaa. deiai. 

lonm §£21 Bfoioi asfli aaioii susm aa§ 4» aci. 

£ 3a UIXI £ 3cb S ^AIOIIOII (OS 3^ UHti »l2g^€S RAICHS U^9J\ 

£ Sag &5Sh0 axi. e}£fli 3ie(io)2i SI Heoti, szj aast(2o)§ assm 

aaat(2o)g as8^fe :H?¥(h)s sa&a. 3H=?¥(h)fe n m^on uhasoi qhui 2i£ 

^. a&s aes ss. 3iib sehs aastfe saoi wB^»a. e iob cAia aasi 

3H?¥(h) asgfas S4^2| n^g na &axKHi sish soismi 4' as aoiHs s 

oi?iA). ^:)\ sz> aaai(2o) aa a. efsjii ?ie(io) ao« MawAjaa as 

3|IS^Jf(dlcrate device. £AISX| 8(S)S 2iJi a^tt <^ 2loCH. 3H?¥(h)is :7He^JhSi 
ttaS^(aetive reaion)S inSAIdlb es| 9011 3HifaQ. HBIIl. 7m ±Jimo\ m^S BZM 

o\mm aofi uHti»s Afsi 8(¥ £ss(£Aisxi dts)s ass ? sz.^ msm2o)s aa 
a ■t'E afeoi. 01 3^ u:>\ n=?^Mh ^:)\ st¥ £ass ¥sm2.s. teAisife b|o^ s(v(a 
hoie)oi ao. 

£&. a2!at(2o)s n ^asoi 4.i mo aass oiib se*. sio. siof. hsq. o^as 

^ 5fs, soG. FSG s dsia cHk sms aa» 4= ao. 

£ 3bB sr^s^s. §e} aaBt(2o}oi aaa a^i Sjus aeoii 9^s^at(3o)s aa&o. a 
^s^s^(3o)&. oi^^oii aag 3^ uHti£i ^^aats b^i s^^Aidin 8t§ 3£si if^h oub bq. 

20niii 0|8h2| ^JJilS aSSD. CH^ bJ&5|8P|Sfc S^3^Sf(30)S lOnin LHa2| ^DflS aSS 

a. 

a£j:n. a:?! §^^3^b^(3o}8 ess assi££ ass^a. ans &?i2i s|o| g^oi ^j^^ 
sf°^ sst^og asehct. ^:>\ a^3^s((3o)si jqisg^es £ 2a mxi £ 2doii £Aia a^aoi ^s 

Q§, a^3^Bt(3o)oi aaa e.^£ai :7i&(io) aaoii, onacii ?£i2( as £aBas ssrsioi 
s(35)s aaeta. 

£ 3cB S28^a. £aS(35)0| asa a^l fi^BOII QiS 1@933S 4>S8(0t a:?! :'H?¥(h) U( 

¥B oHsash SAioii. 4^71 e>£»i 7i&(io):i» a:7isi»£ a^ai? aoisi mmAo)m aas 

a. 

oiDiM. a:?! aestsss ^3i. ae!S(2o) saoi insaimnfxi a:?! £as(35) si ae^s^oKsos 

Oil ^l-eu (etch back)8f71U. £b BEItKChenlcal Mechanical Pollshlno)aoil °l« 

@ £Qoii £Aia Si ^AjoiiB ttJLS. tissisi£U oib oiiAi2i&j s<oii mm\o\. B 31^ so\ 
21 s^2i j|A|§ :3^a xf^e ois^a ea a 2§e a ^aioii?i pf^shPb as oishb 2! 
oia. OIIB Boi, ^:)\ ^AioiioiiAib ess m^m s^s^^zs. mss^^ s^b oiis boi 7|« 
sfasu, OI2I0II QB usss^oi Afsa -^s. sua. mstM. s as2i ase ^i^^ as a^ife 
ii¥a ^8ia?a?i2i :7i^^ Afaou sish asH^ora 2<oiq. 



b^2^ aoi s ^soo ej£fli ±Ji msgfaoii 2ism, a»s bas <^m nw\ ^i^e 
s»e HfQf gsrss ois8K)i ess aaaKTaN)2se a^e^sta aaso. ^. ess 
iaat(TaN)2£a a^g^a+B 20niii ol8^2l ^jHis gf?ii ass 4^ asHS. ?ej bHfisj uTasats 
SS8I ^xie 4 aa. s?b omy, aaafott ^ai bha afoioa 20niii oisfsi a^e^stoi asj 
e asa:?! raeoii. set aaatj* ?bi bha ajgioiiai a^afe s»a2i ^fsi^tjoiu asf 
e.^aa sesi sixiia ^ au. 

S=?9 1 

a^S^(Barrrer Metal)atS ^BIS e}£Xfl 4iXJ2| 3^ UHtiOil aOIAI. 

^'}\ a^S^Q^S 37}S 9tB| §sr(Atoinic Layer Deposltlon)aa 0138101 asa 3!S ^a2£ 8V 
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fe UH<a. 
tl?» 2 

mm snoiM. ^71 9Bi3^ats ^^tm sstm{ian)s. a^s sis iisss uh^. 

S?» 3 

Q 19011 2(01 Al, ^71 e^SEfll ^;C(b 

g^e^B^oj 6^?o^l ga<ai2. n m^oii mzisi ^leaf a^ab 3H9¥» ^aianii. □ 

Ssoi 4.1 o\dm a^sas s^g! sz} as!si: 

if^=^s|o, 4^^011 ^ejg g^ste sags saaa, ;h^¥S ssh ^^i e>£ai 

Siasia, CfO^^ (damascene) f^g tm^g q| ^msfb 3!8 ^SSS sfb 

S^S 4 

ess aSS(TaN)SS S^g^sfg ?bl8}b BJEfll 4iXJ2| UH(y fll^Saoy 910\M, 

(a) :7ieoi m uioii ess s^mmm ^asfoi e^sE^di ^i&si a se; 
Oil e^g g^ss e gxjs sstAi3ib bja; 

(b) SUi LHOII ClXI(purge) 7\^im ^Simoi 7ieOil eSS ^71 3^ aSSa ;9i2| 

(c) ^i^i UIOII SiS^s &^8tb ?sj8^:n, oie ss^s esrs ^^i s^s ax^ 

(d) SBi moil siii :)»>:S ^sishoi ^:7i sb^s ^pi a^s^ e^sas 
»isi& jK^si e^ssitt, 4^:71 sfs} ehs ? 2?oi sa§§ Jdms^b eitis ^uistb ss 
ss 8ib efEffli ^nsi 3^ bHd «i£sa. 

s^g 5 

nwsoii aoiAi, w e;ii 9. 

(a) UiXI (d) 9^I§S 4>~4'4ISI e}«{S|os ^gSfOI ess 990101 ^DflB 
mb 2S mS°S. ofb yESi 4:»S| gSi HHfi! HjS&a. 

6 

XII590II 910\M. USBiB 20m OlS^SI ^MS. SSS^b 3!3 ^S^£ S^b liiJlSI 

7 

flISSOII SM01AI. UD\ aaESI (a) B3II S. 

mzis Dmsi m seoi ^ssoi 4.i oisfei sz.^ aeis^s s^sfb bths ch ^uisfni. 

4:3 ^Jiis iJfxib eifs asBfg sas^b, (d) e?ii ^. 

4^?! &mm as(B[ 4^011 3^ uHtidS sss^b e:)iis c-i ?bisib 2!S ms2.s. s^b ehEfli ^x^si 
8 

173011 SIOIAI. UD\ UHaS a0J6! (damascene) 9«8fb 3aS SiSSS 8fb BJEfll 

»2| 3^ UHa iiis&e. 

9 

«14S0I| aOIAI. (a) UiXI (d) 3001C-7001C SEShOIIAl ^'SSfb 31§ ^SSS Ste 

S?» 10 

Jli4g0|| 9iO\M. SaSb 13(0013)5. Ta{0Cy^)5. Ta(0C3H,)s. Ta(0CH(CH3)2]5. 

Ta(0C4H9)5. TalOCH2CH(CHj)2l6. TalOCH(CH,)Crt]5. Si Ta(0C(CH3)3J5 S ti^^ 0\i=. SUS AfSSh3, ^ 

71 a^ft erf^e.^ ehS7h>^£b »suoknh,) s 8|cs^fi(N!H) s tisss 01^ stus Mss^b 2*8 
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